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1. 1 NTRODUCTI ON
1.1 Purpose

This paper discusses the persistence of conservation
savings over tinme. Prograns that deliver simlar conservation
savings year after year are nore reliable than prograns whose
savings decline from one year to the next. The reliability of
the conservation resource is an inportant issue for resource
pl anners at the Bonneville Power Adm nistration.

The illustration makes use of a conputer sinulation nodel
i npl emented with the I-TH NK software. This software facilitates
easy visualization of the nopdel structure on a Macintosh
conputer. The nodel represents the investnment in efficiency
measures by participants as well as nonparticipants in a
conservation programto reduce electricity consunption in space
heating in existing homes in the Northwest. The I-TH NK node
was constructed by adapting the residential space heating sector
of The Screening Mdel used by Bonneville for the Macintosh

illustration.
This is a prelimnary report, and the analysis is
illustrative and suggestive. Further research will be necessary

to follow through on the suggestions. The goal of the follow on
research is to help resource planners interpret the results from
program eval uati on studies. A secondary goal is to denpnstrate
how conservation evaluations my be "pre-tested" prior to
entering the expensive phase of the eval uation.

1.2. Background

Bonneville's evaluations of conservation resources are
based mainly on short-term sanpled data with an occasional
| ongi tudi nal study. These studies provide the principal neans
for Bonneville and the region to judge the long-term efficacy
and cost-effectiveness of demand-side resources. This judgenent
is made difficult by at |east four factors:

(1) limted nmeasurenments are available fromthe field,;

(2) the data is quite conplex, especially compared to neasuring
the electric output of a power station;

(3) the highly aggregated neasures of conservation performance
do not reveal the underlying causal factors; and

(4) planners still do not agree on the proper way to neasure
conservati on performance.

Even though there is considerable diversity in the sanpled
data on performance, resource planners at Bonneville and the



Council typically rely on point estimtes or averages. This
approach allows the planners to proceed with their analyses of
alternative commitnents to conservation. But the sinplified
approach does not make full use of the information avail able

from the eval uati on st udi es. Al so, t he short-run
observations of behavior do not preclude substantial changes in
performance over the long run. Perhaps an equally inportant use
of the evaluation studies is as an "early warning system" The
studies may serve to alert resource planners on inportant
changes by electricity consumers--both those who have
participated in a programand those who have not.

The report begins with a short review of the relevant
literature. | begin with references to the key evaluation
studi es that have been conducted over the past decade. | then
note the reports where related topics have appeared in anal yses
with CPAM The review concludes with references to "synthetic
data experinments." These experinents conbine the information
from a sinmulation nodel wth the design of a possible
evaluation. The idea is to alert the evaluator to potential
sources of distortion before detailed and expensive data
col l ection begins.

2. REVI EW OF CONSERVATI ON EVALUATI ON STUDI ES

Table 1 lists 11 evaluation reports on that have been
reviewed in this study. These reports were selected from the
many studies of conservation because they concentrate on the
Nort hwest and they focus on the question of whether conservation
savings will persist over tine.

The first report was published around ten years ago by the
Electric Power Research Institute. It describes a workshop to
devel op better nethods to neasure the inpact of conservation and

other demand side nmnagenent prograns. Interestingly, the
Pacific Northwest wutilities constituted the |argest block of,
wor kshop  participants. The workshop discussions (p. Vi)

"indicated that the wutility industry (had) nmade substanti al
progress in the last several years in neasuring the inpact of
residential conservation prograns.” The discussants identified a
variety of problens making further progress difficult. These
include the proper |evel of aggregation and avoiding self-
sel ection bias. At the top of the list of problens was "double
counting." That is (p. vii) "how is it possible to isolate the
effects of conservation prograns on custoner electricity use
from the effects of weather, price, incone and other "causal"”
vari abl es?"

The second study in Table | is a critical review of
conservation evaluations in the Pacific Northwest. The reviewers
noted that (p. 21):



Table |I. List of Conservation Eval uati on Studi es.

July 1982
Battell e Col unbus Laboratories, "Wrkshop Proceedi ngs: Measuring the Effects
of Conservation Prograns," report EA-2496 to the Electric Power Research
Institute.

undat ed, probably around 1982

Linda Berry and KimEl aine Johnson, "Evaluations of Uility Residential
Conservation Prograns in the Pacific Northwest: A Critical Review," research
sponsored by the BPA Ofice of Conservation, perforned at the Energy
Di vision of the Oak Ri dge National Laboratory.

1984

Larry Condel li, Dane Archer, Elliot Aronson, Barbara Curbow, Beverly MLeod,
Thomas Pettigrew, Lawence Wiite and Suzanne Yates, "lnproving Uility
Conservation Programs: Qutcones, Interventions and Evaluations,” Energy,

Vol. 9, No. 6, pp. 485-494.

Sept ember 1988

M Hossein Haeri, "Electricity Savings Three Years After Participation in
the Bonneville Power Admnistration Regionw de Watherization Program?™
report ERC/ PO 34 of ERC International, Portland, Oregon.

August 1989

Cak Ridge National Laboratory, "Electricity Savings One and Two Years After
Weat heri zation: A Study of 1986 Participants in Bonneville' s Residential
Weat heri zati on Program ™ report ORNL/ CON- 289.

1989

Panmel a Brandis and M Hossein Haeri, "The Persistence of Energy Savings Over
Time: Two and Three Years After Participation in a Retrofit Program™
proceedi ngs of the 1989 Energy Program Eval uati on Conference, Chicago."

Sept ember 1990

OCak Ridge National Laboratory, "Electricity Savings Anong Participants Three
Years After Weatherization in Bonneville's 1986 Residential Watherization
Program " report ORNL/ CON- 305.

June 1991
ERC International, "Long-Term inpacts  of the Interim Residential
Weat heri zati on Program on Househol d Energy Savings," report ERCE/ DSM 65.

1991

Steven Nadel and Kenneth Keating, "Engineering. Estimates vs. |npact
Eval uation Results: How Do They Conpare and Wy?" available from the
Anerican Council for an Energy Efficient Economy, 1001 Conn. Av NW Suite
801, Washi ngton DC 20036.

Decenber 1991
OCak Ridge National Laboratory, "Handbook of Evaluation of Utility DSM
Progranms, " report ORNL/ CON- 336.

March 1992 draft paper

Edward Vi ne, "Persistence of Energy Savings: Wat Do W Know and How Can It
Be Ensured?" working paper available from Ed Vine, Lawence Berkeley
Laboratory, Building 90-4000, Berkel ey, CA 94720.




as a whole, the evaluations suggest a need for further
met hodol ogi cal devel opnment in the area of estimating energy
savings attributable to progranms. Mst of the studies
adjusted only for the confounding effects of weather. It is
clear that other potential sources of bias nust be exam ned
too. Disentangling the confounding effects of factors such
as weat her, f uel prices, and di f f erences bet ween
partici pant and nonparticipant groups is as difficult as it
is inmportant in unanbiguously estimating the energy savings
for a particular program net of all other effects.

Berry and Johnston were inpressed by the "early-late participant
group design" in the hone energy audit program by Seattle City
Light. They argued (p. 21) that "the SCL HEC study probably
produced the nobst reasonable estimte of program energy savi ngs
i npacts. " They went on to recommend the SCL approach for future
evaluation efforts, provided "it was supplenented with some form
of multiple regression analysis. Berry and Johnson concl uded
their review by rem nding the resource planners about the need
for accurate conservation savings to use in capacity expansion
nmodel s (p. 22):

the estimates of how nuch energy savings are attributable
to the program nust be accurate if the Net Present Value
(NPV) of the program is to be calculated correctly.
Capacity planning nodels that can determi ne the value of
given anmounts of conservation program savings relative to
supply alternatives also provide essential input to NPV
anal ysi s. These nodel s general ly i nvol ve conput er
sinmul ati ons that plan the generation requirenents and costs
of a range of forecasted demand |levels. Wth these nodels
the value of conservation program savings are quantified
with respect to variations in future | oad growth, expansion
plans and projected finances and rates. Thus, t he
correctness of NPV estimtes depends on many assunptions
and on the validity of the results obtained from other
anal ytical efforts. Careful attention to the quality of
these inputs to NPV anal yses is necessary if one is to have
confidence in the results.

The third study in Table | focuses on evaluation prograns
by California utilities. The paper concentrates on program
i npl ementation, especially the diffusion of innovation. The
authors repeatedly criticize the California conpanies for their
"mar keting approach” to conservation. They enphasize (p. 489)
that "advertising itself, at least as currently inplenented by
the utilities, is an ineffective way to change conservation
related attitudes.” They concluded with three "guidelines" for
conservation planners (p. 493):



1. use energy consunption (not efficiency) as the neasure
of program i npact;

2. discontinue advertising and concentrate on other ways
to spread the word on the nerits of conservation; and

3. rely on "hard interventions" such as direct provision
of hardware to the custoners.

The California study is less inportant than the other studies in
Table | because it does not concentrate on eval uation issues.
Their claim (p. 489) that "there is little enpirical evidence
that the rebound effect exists" is probably the npbst relevant
observation for this review

The next set of five entries in Table | deal wth
Bonnevill e's Residential Watherization Program (RAW) . The RW
studies include two reports by ERC International, two reports
from the OCak Ridge National Laboratory (ORNL) and a sunmary of
the collection of studies by Brandis and Haeri. This body of
work is the nost inportant for ny review because it provides one
of the few pictures of how conservation savings change over
tinme.

The first picture energed from the ORNL summary of
conservation savings "two years after" program participation.
The ORNL researchers concluded that (p. xiv) "for the RW
overal |, savings experienced by 1986 participants were
substantial." First year savings (expressed on a weighted
average basis relative to energy use prior to the progran) was
found to be 11.8% Second year savings was 10.6% ORNL staff
concl uded (p. 55) that

the drop in savings could indicate an increase in "take-
back" behavior, whereby participants in a conservation
program t ake advantage of the inproved energy-efficiency of
their structures by raising thernostat settings or
ot herwi se increasing occupant confort. Wether or not the
observed decline in savings is a durable trend in long term
RW performance or a short term aberration cannot be
determned from the available data. Because of the
i nportance that such a downward trend would represent for
program pl anners, energy savings for the 1986 cohort should
be tracked for at |east one additional year. It mght also
be useful to extend the evaluation of savings to 4 and 5
years after retrofit. At the sane tinme, research should be
undertaken to explain the observed |evels of conservation
decay.

The ERC/PO-34 report on RWP savings "three years after”
extends the "moving picture" of program savings into a third
year. In a report to ORNL, Haeri noted that (p. 24):



energy savings renmai ned remarkably stable during the three
post-retrofit years. The results of our analysis show that
energy consunption declined as the result of the program
from an average of 23,860 kWi/yr to 21,760 kWh/yr in the
first year, and decreased further to about 21,300 kWh/yr
in the third year. Nonparticipants, on the other hand,
i ncreased their annual consunption over all three post-
program years .... Based on the sanples analyzed in this
eval uation, "net" programinduced savings anpunted on the
average, to 2610 kWh in the first year (12% of pre-program
energy use) and remained stable at that |evel for the next
two years."

The ERC/ PO-34 report mnmakes no attenpt to predict whether one
woul d expect conservation savings to remain constant over tine.
Thus, it is not clear why the observed savings are "remarkably
stable." Nevert hel ess, Haer i seens confi dent t hat t he
observations are inportant (p. iii) : "with regard to the |ong
run energy savings effects of the program the findings of this
eval uation provide anple evidence indicating the persistence of
programinduced energy savings over the three-year study
period. "

Later, in Septenmber of 1990, the ORNL published their
report on the RW savings "three years after"” weatherization.
The ORNL account is simlar, but not identical to the previous
report by ERC (p. xiv):

During the first year after weatherization, weighted net
savi ngs averaged 3,060 kW, or 13% of the previous year'

energy consunption. In the second post weatherization
year, a weighted average of 2,112 kW was saved, anounting
to 9% of preweatherization energy use. In the third

postweat heri zation year, a net weighted average of 2,140
kwWwh was saved, anmounting to 9% of preweatherization
electricity use.

The ORNL staff attenpted to explain differences in savings
between different utilities participating in the study. Average
net electricity savings from 7 different utilities was arranged
al ong side of three possible explanatory factors in Table 4.6.
(The factors were average per capita income, recent changes in
the electric rate, and a neasure of heating load.) The ORNL
staff exam ned the data and concluded that (P. 28) "Table 4.6
shows no obvious relationship between net savings and any of the
i ndependent vari ables.™

The ORNL report "three vyears after” dramatized the
i nportance of attrition in sanple size in |longitudinal studies.
Their table 2.1 report of data attrition is particularly
dramatic. The study began with around 1,500 worksheets for
program participants. Around 1,000 of these worksheets were
excl uded because the participants had already participated in a
different program Another 50 were excl uded



due to wunusual billing records (which mght indicate a high
vacancy rate or the use of supplenmental fuels such as wood).
This left the evaluators with around 450 useful worksheets. But
as the study unfolded over time, the sanple was reduced due to
turnover in occupancy of the retrofitted houses. By the end of
the third year, the evaluators had only 252 useful worksheets.
The decline from around 450 to 250 worksheets is a total
attrition of 55% over the four year period. The size of the
control group declined ny a simlar amount (from around 1,300 to
around 700 for an attrition of 51%.

The rapid decline in sanple size introduces two problens.

One is whether the sanmple 'is |arge enough to provide useful,

statistical results. The second is whether the group that

remains in the sanple after several years provides an unbiased
picture of the RW participants. Exanples of "attrition bias"

can be found when two different studies arrive at different

estimates of the savings to be observed in a specific
postweat heri zation year. These surprising differences appear

when one conpares the ORNL report of the second year savings in
their August 1989 study (see Table 4.6, page 39) with their

Sept enmber 1990 account of savings in the sanme year (see Table
4.6, page 28). For exanple, the August 1989 study found that

Tacoma participants saved 19.3% in the second postweatherization
year. But in Septenber of 1990, the ORNL staff (working with a
smal | er sanple) observed that Tacoma participants saved only
10.6% in the second year. Oher conparisons between the Table
4.6 appearing in the tw studies shows changes in the opposite
directions. For exanple, savings by Idaho Falls participants
were observed to increase from 7.4% to 11.5% savings by
Snohom sh PUD participants were observed to increase from 2. 7%
to 5.6%

The paper by Brandis and Haeri sunmarizes trends in energy
savings in Bonneville's weatherization prograns since 1980. They
concl ude that (p. 320):

while the electricity savings appear. to have remained
stable in the Long-term Program results pertaining to
earlier progranms show evidence of decay. O her studies of

conservation prograns, for exanple, an analysis of Seattle
City Light's 1982 residential retrofit program have also
docunented wvariations in year to year post-program
savings. Wth respect to Bonneville retrofit prograns, the
results concerning the stability of savings remain
i nconclusive. Fluctuations in post-program savings for

nost of these prograns are nostly irregular and reveal no
cl ear patterns. In order to draw any definitive
concl usi ons regar di ng stability (or instability), of

savi ngs, longer series of |ongitudinal observations. wl]l

be needed. Gven the inportance of this issue, there is
clearly a need to nonitor energy savings in these prograns
for a few additional years.



The June 1991 ERC International report provides the
| ongest "noving picture” of the savings from Bonneville's RW
The report is the fourth in a series of evaluations on the
Interim RWP. it concludes that (p. i) "despite occasiona
fluctuations, net annual energy savings due to the interim RW
have persisted over tine." At first glance, this persistence
concl usi on appears unusual since Table 5 shows the change in net
DNAC (Difference in Net weather Adjusted energy Consunption) at
1,982 kWh/year in 1984 but only 1,439 kWh/year in 1989. This 27%
decline is not the nmain conclusion from the study, however.
Rat her, the authors note that 1989 was a year of unusually |ow
energy consunption (see p. 11), so the last useful year in the
study appears to be 1988. The 1988 NDAC is found to be 1,737
kWh/year, down only 12% from the val ue back in 1984. In addition
to the conventional charts of energy savings over time, the ERC
report introduces an alternative neasure of the "stability" of
energy savings. Their new concept involves a ranking of energy
use into five groups. They then examine the interim RAP data to
learn that (p. 25) "on average, relative rankings are stable --
households in the highest savings categories remain in high
categories, and households in the |owest savings categories
remain in [ow categories.” The ERC report does not explain how
this alternative neasure of stability m ght be used by resource
pl anners at Bonneville.

In their ACEEE paper on why evaluation studies vyield
different results from engineering studies, Nadel and Keating
provide inportant information on both the RAWP and the Hood River
Project by Bonneville (p. 3):

for the RWP, net savings ... were reduced because contro

group houses also inplenented sone neasures due to
significant rate increases during the period of analysis.
(This finding does not apply to the Hood River Project,
which elimnated the control group fromthe final analysis
due to problenms with the control group selected. It should
be noted that initial analyses of the Hood River Project
reported that custonmers tended to set their thernostats
slightly higher after the weatherization than before,
thereby "taking back" sone of the savings in the form of
i nproved confort. However, subsequent detailed analysis
found that thernostat settings follow ng weatherization
were essentially the sane as pre-weatherization settings.)
. | npact evaluations of the BPA program also show sone
interesting trends in ternms of the persistence of energy
savings. For the BPA program savings were neasured for
one, two and three years after weatherization. For exanple,
for honmes weatherized in 1986, inpact evaluation results
were 58% of engineering estimates in the first year after
weat heri zation, but only 40% in the third year after
weat heri zation (an average drop of approximately 15% per



year.) This drop was due to weatherizati on neasures wearing
out and sl ow adoption of weatherizati on measures by program
nonparticipants ... For hones weatherized in 1985 and
earlier years, savings also declined in the second and
third years after weatherization, with the decline ranging
from less than 1 % per year to nearly 20% per year,
dependi ng on the cohort being anal yzed.

It appears that Nadel and Keating are nore willing to describe
the underlying factors causing the decline in net savings from
the RWP over tinme. Wereas the previous reports (from ERC
International and ORNL) found no apparent connection between
savings decline and "any of the independent variables,” Nadel

and Keating put the forth a plausible explanation based on a
conmbi nati on of two reasons:

(1) wearing out of measures in the participants' hones, and

(2) an increased investnent in the targeted neasures by
nonparticipants as they responded to increases in the price of
electricity.

The illustrative nodeling presented later in this report wll
confirmthe plausibility of this explanation.

The Decenber 1991 "Handbook of Evaluation of Utility DSM
Prograns” edited by Eric Hi rst and John Reed provides a detailed
explanation of utility evaluation prograns. The project sponsors
(from the U 'S. Departnent of Energy and the New York State
Energy R&D authority) open the handbook with the assertion that
"program eval uati on has become a central issue in the world of
utility integrated resource planning." The sponsors go on to
argue that (p. viii) planners

have cone to recognize the many technical disciplines that
must be enployed to evaluate DSM prograns. An analysis
m ght start out based on the principles of utility |oad
research to find out what happened, but a conbination of
engi neering and statistical nethods nust be wused to
"triangulate" an estimte of what wuld have happened
wi t hout the program

Kenneth Keating's chapter on the "Persistence of Energy Savings"
is the nost relevant portion of the handbook for my review He
summarizes two recent studies over a 6 year tine period as
foll ows:

Two long term studies of persistence used billing data
from participants and a conparison group. Both involved
residential retrofit prograns in the Pacific Northwest,
one by Seattle City Light and one by BPA. Each foll owed
sanpl es of participants and nonpartici pants for six years,
and both weather-adjusted electricity consunption wth



PRISM Two results are evident: the trend in energy
savings is downward, and the decline is erratic (ie, net
savings vary from year to year). The average decline in
savings from the last five years conpared to the first
year anounts to 7% for the' Seattle program and 21% for
the BPA program These studies indicate substanti al
persi stence, but also sone erosion of savings. The 1980s
were characterized in the Northwest by unprecedented
electricity price increases for the first half of the
decade, followed by declining real prices. Mch of the
erosion of savings was caused by reduced consunption by
the conparison groups, about 2000 kWh during the six years
studied, primarily because of electricity price increases.

Keating goes on to discuss the attrition problem in the
| ongi tudi nal studies. He notes that BPA sanples suffered an
attrition rate of 55% and he explains how the Seattle study
took a "retrospective approach” by |ooking backward over tine
before selecting a suitable set of participants. (The
backwar d- |1 ooki ng approach may solve the problem of a vanishing
smal | sanple size, but it does not necessarily elimnate bias
from selecting an unusual subgroup of the total population.)
Keati ng suggests that traditional evaluation approaches m ght be
suppl emented by an alternative, nodeling approach (p. 98):

An, as yet-untried alternative is an econonetric approach
A Dynam c econonetric nodel that defines the relationships
anong electricity use and electricity prices, neasures of
econom ¢ activity, and program participation could be
devel oped. This mpodel could then be used to predict what
consunmption would be in future years if energy efficiency
were held constant and the actual values of electricity
prices and other explanatory variables were entered into
the nodel. |If the consunption observed in the out-year was
hi gher than predicted, then the efficiency effects could be
said to be eroding, and the effect could be quantified.

Keati ng concludes his chapter with a call for nore serious
effort: "it is nowtinme to address persistence in earnest.”

The final entry in Table | is a draft version of a paper
to be presented by Ed Vine at the 1992 ACEEE conservation
conference. It is interesting to conclude with Vine's working
paper because the 1992 ACEEE conference will be schedul ed over a
decade after the 1982 EPRI workshop on , "Measuring the Effects
of Uility Conservation Prograns.” Despite the utilities'
efforts over the past ten years, Vine cautions the reader that
research on the persistence of energy savings is "in its
infancy.” He cites a recent report to the California Institute
for Energy Efficiency (ClIEE) which asserts that "the persistence
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of energy savings was noted as probably the single, |Iargest,
unanswer ed question in dermand-side managenent." He goes on. to
draw the follow ng conclusions fromthe limted information that
is available (p. 6):

The limted informati on on energy savings from persistence
studi es has shown that DSM program participants have not
tended to increase their energy use over tine; however, it
is also truce that the control group of non-participants

have tended to lower their energy use - over time, As a
result, the difference in energy use between the
participant group and nonparticipant group narrows, and
"net savi ngs" is reduced. Nevert hel ess, prelimnary

results indicate that the potential for the durability of
net program savings is very good. Wth nore detailed
follow up of these prograns and anal ysis of subgroups, the
reasons for the changes in gross and net . energy savings
can be el uci dat ed.

Taken as a group, the 11 reports in Table | indicate that
ten years of efforts have left conservation planners unsure
about the persistence of conservation savings. Several of the
studies draw no definitive conclusions about whether savings
will persist over tinme and about the underlying causal factors
that influence persistence. It appears that several of the
researchers are drawn to the «conclusion that conservation
savings may decline over tinme due to a conmbination of two
factors. The first factor is the sinple wearing out of neasures
in the participants' hones. The second is the price-induced
investnment in sonme of the same measures by nonparticipants.

After a decade of "mixed results,” many utility planners
will wonder whether evaluation studies should be cut back,
especially regarding our expectations for what can be |earned
about custoner behavior. Mybe the lesson from the past ten
years is that the causal factors are so hopel essly interm ngled

that evaluators will still be generating "m xed results" at the
end of the 19-90s. The prospect of disappointing results nust be
considered, especially in light of +the need for concrete
measurenment of demand side prograns’s inpacts when setting
fi nanci al incentives and conducting demand side bidding
prograns.

Taken as a group, the papers in Table | do not call for a
scal ing back of evaluation efforts. Rather, they call for a nore
anbitious effort during the 1990s. Keating' s concluding remark
in the persistence chapter in the handbook (p. 99) reflects the
general sentinment: "It is now tine to address persistence in
earnest."
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3. REVIEW OF CPAM REPORTS

CPAM stands for the Conservation Policy Analysis Mdel, a
screeni ng nodel developed for Bonneville in the early 1980s.
CPAM was used extensively during the 1980s to help conservation
policy makers examne a wde variety of proposals for the
Nort hwest electric system The original CPAM approach is now
i ncorporated in The Screening Mdel used in the broader area of
resource planning at Bonneville.

Table 11. Selected Reports Usi ng CPAM

Sept enmber 1984

Andrew Ford and Steve Harris, "A Sinpler Met hod for
Calculating the Cost of Conservation Subsidies for an
Electric Uility," Energy Policy.

May 1985
Andrew Ford and Roger Naill, "Conservation Policy in the
Pacific Northwest," Techni cal report to the Ofice of

Conservati on, Bonneville Power Adm nistration.

February 1988

Andrew Ford and Jay Geinzer, "The Inpact of Performance
Standards on the Uncertainty of the Pacific Northwest
El ectric System A Final Report on the Hypersens Anal ysis of
CPAM 11 technical report to the Ofice of Conservation,
Bonnevi | | e Power Adm nistration.

March 1988
Julie Mannes and Jay Ceinzer, "Secondary Effects of
Prograns," unpublished report to the Bonneville Power

Admi nistration on contract task 1-2 by Applied Energy
Services |nc.

Table Il lists four reports using CPAM These reports are
famliar to Bonneville staff who operate The Screening Model.
They are nentioned here sinply to remnd the reader that
conservation planners nust grapple with the sane troubling
concepts that make conservation evaluation difficult.

The first entry in Table Il is a Septenber 1984 paper in
Energy Policy. It explains how a sinulation nodel could be used
to anal yze the costs of conservation subsidy progranms. The nopdel
was designed to address the "double counting”" issue with a
particular focus on the possible redundancy between efficiency
measures targeted by a utility subsidy program and neasures that
nonparticipants would eventually purchase on their own. The
paper uses conservation cost curves and subsidy prograns from
northern California to show that utility subsidy prograns could
end up being extrenmely expensive due to high redundancy. The
paper advises conservation planners to target subsidy prograns
at either low income households (with high discount rates) or
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noder atel y expensive neasures in order to reduce the redundancy
with price-induced conservation. This 1984 paper is inportant
because the "Sinpler Method for Calculating the Cost of
Conservation Subsidies for an Electric Uility" is one of the
bui | di ng bl ocks for CPAM

The nost inportant report in Table Il is the My 1985
t echni cal report on "Conservation Policy in the Pacific
Nort hwest." Chapter 8 of this long report uses the regional
versi on of CPAM to exam ne how conservation savi ngs m ght change
over tinme. The report explains the "indicated savings" to be
expected from a subsidy design and the reduction in savings that
can occur due to (1) delays in participants signing up for the
program and (2) redundancy with price-induced investnments. In
contrast to the Septenber 1984 study for northern California,
the May 1985 study for the Northwest suggests that price
redundancy would be limted to around 30% over the long term
pl anning horizon (p. 8-15). The CPAM analysis also |ooked at
"secondary effects" which include the "rebound effect”, "price
f eedback,"” “interfuel substitution" and denmplition of the
housing stock prior to the wearing out of the neasures. Because
of the integrated design of CPAM the nodel is particularly
suited for the analysis of the "price-feedback” effect. This
effect arises from changes in rates that nust be inplenented to
fi nance the conservation program (and to conpensate for "l ost
sal es"). The changes in electric rates lead, in turn, to further
changes in the demand for electricity. The May 1985 estimte of
the "price feedback” effect denonstrated that planners could
ignore this secondary effect over the longer term (if the
al um num industry is not sensitive to the industrial firmrate).

The February 1988 study on the uncertainty of the Northwest
electric system is relevant because of the treatnent of both
dual fuel and single fuel standards on new buildings. In one
pass through the sensitivity analysis of the energy system
efficiency standards were inposed on all new bui | di ngs,
regardl ess of whether they were heated by electricity or natural
gas. in the second pass, the standards were assunmed to apply
only to electrically heated buildings. This pair of sensitivity
studi es all owed Bonneville staff to see the inpact of custoners’
shifts from electricity to natural gas heating to avoid the
hi gher, up-front costs of the electricity-only standards.

The final report in Table Il is the March 1988 update on
the "Secondary Effects" previously analyzed in the My 1985
Technical Report to Bonneville. The update was perfornmed by
Julie Mannes and Jay Geinzer, and the report was witten for
limted use by the Bonneville staff who are intimately famliar
with CPAM The goal was to extend the list of "secondary
effects" and to meke use of the sub-regional version of CPAM
that had just become available. The wupdate shows that the
conservation prograns would exhibit only 3% redundancy, down
around ten-fold fromthe 30%estimate from My of 1985. The
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dramati c decline in redundancy was attributed to conbination of
factors. For exanple, the March 1988 update uses the 1988
expectations for growth in the region's econony, for the need
for new generating resources and the Ilikely <change in
,electricity prices over tinme. But Mannes and Ceinzer enphasize
that the dramatic decline is also due to an inportant change in
nmodel structure as CPAM was altered from a regional to a
subregional nodel. The npve, to greater conplexity in the
representation of the region's utilities was accompanied by a
sinplification of the treatnment of the wutilities' custoners.
Customers were portrayed in the regional nodel by three incone
groups (low, nmedium and high incone), and each inconme group had
a different discount rate. In the subregional nodel, however
the three groups of custoners were replaced with a single incone
group with a nedium discount rate. Mannes and Gei nzer enphasize
that the selection of the single discount rate to be used by
nonparticipants is the key paraneter in the nodel's projection
of price redundancy.

4. THE LI TERATURE ON SYNTHETI C DATA EXPERI MENTS

Table 111 lists three papers on the use of synthetic data
to guide evaluation efforts. The 1985 paper in the Journal of
Policy Analysis and Managenent deals with the confusion arising
in efforts to verify the success of safety prograns at OSHA, the

Occupat i onal Health and Safety Adm nistration. Regr essi on
studies of OSHA's factory inspection progranms consistently
revealed little success in reducing industrial injury rates.

This finding conflicted with the case studies, and OSHA pl anners
were |left wondering which type of study to believe. MCaffrey
observed that regression studies are frequently viewed as nore
convincing (p. 198):

Most anal ysts are prepared to acknow edge that descriptive
techni ques such as case studies can capture sonme of the
subtl e dynamics and interactive effects that easily escape
the regression nodel; but because analysts have no easy
way of know ng whether the cases. are representative, they
usually prefer to dismss the conflicting conclusions as
unrepresentati ve, perhaps even anonal ous. The usua
conclusion of such analysts is that when carefully
executed regression analyses point to one conclusion and
descriptive approaches to another, the regression results
are the nore val uabl e.

McCaffrey challenges this assunption and denonstrates how the
conflict between the regression studies and the case studies
m ght arise. H s denpnstration makes use of a dynam c sinulation
nmodel which serves as a link between regression based results
and hypot heses gl eaned fromthe case materials. The illustrative
nodel is quite sinple. It assunes that OSHA inspections are
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successf ul

Table 111. List of Synthetic Data Papers.

1985

David MCaffrey, David Andersen, Paul MCold, and Doa Kim
"Modeling Conplexity: Using Dynamic Sinmulation to Link
Regression and Case Studies,"” Journal of Policy Analysis and
Managenent, Vol 4, No. 2, pages 196-216.

Sumrer 1989

Catherine Crawford, David Andersen and GCeorge Richardson,
"Synthetic Data Experinments Using System Dynam cs Models: A
Survey of Results ' and a Research Agenda,"” System Dynam cs
Review, Vol. 5 No. 2, Sunmer 1989J, pages 199-208.

wi nter 1991

Cat herine Crawford, "Endogenous Safety Processes: A Mdel of
Regul ation and Safety in Industrial Firms," System Dynamics
Review, Vol. 7, No. 1, Wnter 1991, pages 20-40.

in reducing injury rates. But it also assunes a |ink between the
frequency of inspections and the degree to which accidents 'are
reported. MCaffrey notes that (p. 204) "although the risk of
such bias in the data is obvious, it has not been handl ed
systematically in the statistical analyses so far." The nopdel
was used to generate "synthetic data" simlar to the data
collected in OSHA evaluations, and the researchers replicated
the OSHA statistical analysis. This experinent revealed that (p.
212):

When roughly 91% of accidents are assunmed to have been
reported prior to inspection, the regression nodel predicts
no effect for OSHA, even though the sinmulation explicitly
assunmes an effect for OSHA in all cases. Were roughly
88-93% of accidents are assunmed to have been reported prior
to inspection, the OSHA effect 1is not statistically
significant. For |ower assunmed reporting rates, the nodel
predicts that OSHA i nspections actually increase accidents-
-all this notwi thstanding that the simulation has assigned
a universally effective role for OSHA

McCaffrey concludes that the inportant poi nt from the
illustration is (p. 212) that:

experinments of this type can alert the analyst to potenti al
sources of distortion in a study before detailed and
expensi ve data collection begins. Also, such experinents
can be used to probe the sensitivity of regression-based
results to conplications suggested in the case studies.
Thus, the simulation nodels provide a bridge between case
studies and regression studies via synthetic data
experinments.
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The second paper in Table 111 provides a survey of
synthetic data experinments in which the sinmulation nodel uses
t he System Dynami cs approach. The survey covers experinments with
nmodel s of oil exploration and discovery, growth in urban areas,
as well as the safety of OSHA inspected factories. The survey
begins with a explanation of a synthetic data experinent (p.
199):

In general, we define synthetic data experinments as
research projects that involve two conputer based nodels,
a data generating nodel and an estimation nodel.

Typically, the data generating nodel is a simulation nodel
(for our purposes, think of a system dynam cs npdel) that
is designed to represent sonme aspects of a real world
system Data are generated by this nodel under a variety
of stochastic conditions (process error is fed into the
nmodel , output variables are observed wth measurenent
error, and so on), and these data my be sanpled in a
variety of ways. For exanple, nultiple sinulati6ns may be
used to create a cross-sectional sanple, or a single run
may be sanpled through sinmulated time (at various sampling
intervals) to create a

, 1 ongi t udi nal synthetic data set. once sanpl ed, t he
synthetic data are then used as inputs to a statistical
nodel that is used to estimate some aspect of the data
generating nodel, such as inportant parameters O elenents
of system structure. The key to these experinments is that
the exact structure and paraneters of the data generating
nodel are known in advance. The ability of the estimtion
nmodel to recapture features of the data generating nodel
can be used as a nore or less pure test of the ability of
the statistical sanpling and estimating techniques to
recover accurately the known properties of a data
generating system

The 1989 paper goes on to recommend how future researchers
shoul d organi ze synthetic data experinents to carefully build
our understanding. It explains five classes of research projects
arranged in order of conplexity. The sinplest two classes,
replication of a previously published evaluation study and
experinments wth [|ongitudinal m sspeci fication, are nost
rel evant to the study of conservation eval uation prograns.

The third paper in Table |1l is the npst recent published
exanple of a synthetic data experinent using a system dynam cs
nodel. It explores the OSHA safety inspections topic in nore

detail and provides the reader with a glinpse inside the type of
si mul ati on nodel which could be used to generate the synthetic
dat a.
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5. PURPOSE OF THE | LLUSTRATI VE MODEL

A system dynam cs npdel of conservation investnents by
participants and a control group was developed for this
di scussion paper. The nodel focuses on the "net savings”
observed by conparing the energy consunption of the participants
with the energy consunption *of a control group. The nodel is
used here to explore what sets of conditions can lead to a
decline in observed savi ngs over tine.

6. FI RST DEMONSTRATI ON

Figure 1 shows a "map" of the internal structure of the
first denonstration nodel. (This diagram appears autonmatically
on the Macintosh nonitor when opening the file with the denp
nodel .) The mapping conventions are explained in the |[-Think
docunentation. They may also be explained by Bonneville staff
who have used [-Think in previous studies. (For an exanple,
contact Erik Westman or Gen Getteny at Bonneville for
i nformati on on an |-THI NK based anal ysis of "Di m nishing Returns
of Increasing Consuner Incentives for Conservation".) The "map"
in Figure 1 shows the nodel variables and their interactions.
The actual equations appear in an appendix to this paper.

The demp nodel is conprised of tw sectors which are
enclosed within the thick, solid lines in Figure 1. The upper
sector represents the control group whose installation of
conservation neasures is governed by a behavioral discount rate
and the electric rate. The discount rate and the expected
measure life are conbined to form the capital recovery factor
and to determne the "justifiable costs" (neasured in $/kw) that
the average nenber of the control group is willing to spend on
conservation neasures. The "justifiable neasures" (neasured in
kw/ house) are found froma nonlinear table. After an "adjustnent

ti me" to make the necessary investnents, the "installed
measur es” (also nmeasured in kw house) wil | follow the
"justifiable nmeasures. 11 The conservation "savings" are found
by adjusting the nunber of "installed measures” by the

"intensity factor, the ratio of the house's base use relative
to the base use in 1980 at the start of the sinulation.

The lower sector in Figure | shows the participants'
i nvestment in conservation neasures. (The shaded variabl es, such
as "actual use" by the control group, in the |ower sector are
called "ghosts.” They are sinply variables calculated in the
ot her sector, and a ghost icon is used rather than bringing a
solid line dowmm from the top of the diagram) The denp nodel
assunes that the participants are simlar to the control group
until the programis inplenmented in 1982. After 1982, they wl|
work to install the neasures targeted by the program
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non participants sector: the control group

base use incraasa rate

measure life capital recovery factor

installed measures

justifiable cost

electric rate 1980
installation rate

justifiable measures
glectric rate adjusimant tima

aleciric rate Increasa factor

participants' sector: “part” for short

part actual use

observed impact part savings

part installed |measures

justifiable maasur

program slart year _—
part indicaled measures .
: part installation rate

program adjustment tima
pregram target measuras

Figure 1. Structure of the First Denonstration Mdel
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By conmparing the "actual wuse" of electricity by the
control group with the "participants actual use" of electricity,
one obtains the "observed inpact” of the program The key
gquestion is whether the "observed inpact” wll decline over
tinme.

Figure 2 shows the conservation savings curve that is used
to nove from"justifiable cost"” to "justifiable nmeasures” in the
nmodel . The extended caption explains the source for the curve
and provides eight-exanples of relevant points along the curve.

Figure 3 provides a "benchmark" projection from the deno
nodel . The sinulation begins in the year 1980 and ends in the
year 1992. Since the conservation program does not start until
1982, the first tw years of the sinulation show the control
group and the participants with the sane energy use, and the
"observed inpact" is zero. The 1982 programtargets all measures
up to 0.63 kw house which would cut the electricity use by 50%
This is an anmbitious target that would end up costing around
$1, 200 per house.

The control group is assunmed to experience a constant
electric rate of only 20 mlls/kwhr. (The 1990 BPA denmand
f orecast, Techni cal Appendi X, pages 34-35 gives typical
residential retail rates in 1981. The 20 mll/kwh rate is
sonewhat higher than the average residential. rate for public
utilities in 1981.) The behavioral discount rate is set at
35% year, a value mdway between the discount rates enployed in
the medi um | ow and nedi um hi gh demand forecasts in the Council's
1986 Pl an (seepage 4-8). As "Exanple 1" in Figure 2 notes, the
average nenber of the control group would only be willing to
spend around $500 per aKWw th such |low electric rates and such
hi gh discounting. Figure 2 shows that the "Exanple 1" position
lies around 0.03 akw house. In other words, one should expect
the control group to remain essentially inactive during this
sinmul ati on. Thus, the benchmark pattern in Figure 3 is quite

si npl e:

1) electricity use by the control group renmmins
essentially constant over tine;

2) the participants' electricity use is cut approximtely
in half by the acquired nmeasures; and

3) the observed inpact increases quickly after the
measures are installed and remains constant over the
course of the ten year sinulation.

Now we may experinment with the deno nodel to |earn what
m ght cause the observed inpact to decline over tinme. Figure 4
shows an extrene exanple in which electric rates increase
dramatically over the tinme period. For this exanple, the
electric rate is assuned to increase at 11%year in real terns.
(This increase is simlar to the increase in the average system
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5 20% 0. 201 30.0 1,308
6 7% 0. 081 30.0 3,261
7 35% 0. 350 27.7 692
8 35% 0. 350 74.9 1,874

Figure 2. Conservation Savings Curve Used in the Denonstrations.

This curve is used to translate "Justifiable cost" into "justifiable
neasures” in the |I-TH NK deno nodeling schedul ed for May of 1992. The curve is
approximately the sanme as the residential space heating cost curve shown in
Conservation Policy in the Pacific Northwest (Ford and Naill 1985, p. 2-3).
Wth a base use of 1.26 akw per house and a maxi num possible savings of 0.8
aKW the upper limt on savings due to efficiency inprovenents is 63% The
conservation programstudied in the denmp is assunmed to capture all neasures up
to .63 aKW for a savings of 50% The cost of the neasures is roughly the area
of the triangle with a height of .6 aKWhouse and a width of 4,000 $/ akw or
approxi mately 1,200 $/ house (in 1980 dollars).

The ei ght exanples show some of the justifiable costs that will appear
in the denpbnstration. The 1st exanple is noted directly on the chart. It
assunmes that the residential custoners of a public utility pay 20 mlls/kwh
(in 1980 dollars). If their inmplicit discount rate were 35% year, they could
justify spending up to 501 $/akKW This investment would only deliver around
0.03 aKW of savings. The next two exanples show change in what the public
utility custoner could spend with changes in the inplicit discount rate.
Exanples 4-6 are based on a residential rate of 30 mlls/kwhr which is nore
typical of what the 10QU custoners paid back in the 1980s. The final two
exanpl es show the justifiable costs if, the 20 nmill/kwh rate increases over
time (to around 28 mills. in the 7th exanple or to around 75 mlls in the 8th
exanpl e) .
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cost reported in the 1983 Annual Report issued by Snohom sh
PUD.) The rapid increase in* the electric rate convinces the
control group that they can justify spending up to 1,900 $/kw,
and Figure 2 shows that this would cover neasures saving up to
0.27 kw/ house. These price-induced investnments anmount to 43% of

the neasures targeted by the conservation program As the
control group invests in these nmeasures over the course of the
simul ati on, the "observed inpact” declines over tine.

An 11% annual increase in the real price of electricity is
an extrene exanple which mght characterize some wutilities'
difficult problenms in the 1980s. But it is far beyond what nost
forecasters expect in the future. So | repeated the Figure 4
experiment with a lower rate of increase. (I chose a 2. 7% annua
i ncrease based on one of the nore difficult scenarios exam ned
in the "1991 Scenario Analysis.") The new version of Figure 4
showed that the rate increase caused the observed inpact to
decline by a slight anpbunt over the 10 year sinulation. But the
decline was inperceptible when conpared to the benchmark
sinmulation in Figure 3.

A final experiment with the first denonstration nodel
assunes a general increase in the "base use" of electricity over
time. This variable represents the electricity that would be
used in the absence of any of the conservati on neasures shown in
Figure 2. | assuned that the base use would increase at the
annual rate of 2% for BOTH partici pants and nonparticipants.
(The increase mght be attributed to a general growth in
af fl uence and nore active use of the house. In practical terns,
the increased use mght take the form of higher confort |evels
or nore roons in wuse.) The new experinment shows that the
observed inpact would also increase at 2% per year over the
course of the simulation. This increase in "net savings" arises
because conservation neasures deliver greater savings when the
home occupant is nore active.
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7. SECOND DEMONSTRATI ON:. ADD THE TAKE- EACK EFFECT

Fig. 5 shows a "map" of a second deno nodel in which the

"take-back effect"” is included in the participants sector. The
new variables include the participants "electric bill," a
"reference bill,” the "bill ratio,” an "instantaneous usage
factor™ fol | owed by t he "act ual usage factor." The
"i nstantaneous usage factor" is set at 1.0 when the
participants' bill is within 20% of the "reference bill." But if
the bill should become excessively high, the nodel assunes that
participants wll cut back on the wusage of their electric
equi prent. Alternatively, if the bill should becone quite, |ow
an increase in usage will occur. The maxi num change in usage is

set at plus-or-mnus 20% A 60% reduction in the electric bill
is required to elicit the 20% i ncrease in usage; 'a 60% i ncrease
in the electric bill is required to elicit the 20% reduction in
usage. Wth the conservation program targeted to cut the
electricity use in half, one would expect the participants to
i ncrease their usage by around 15%

Figure 6 shows what conservation planners m ght expect for
"observed inpact" over the 12 year simulation. This diagram
shows that net savings are around 12% short of the savings found
in the previous denonstration. These are the "l ost savings" from
the "take back effect.” But notice that the "observed inpact"”
does not decline over tinme. The constant behavior shown in
Figure 6 is due to the relatively short "response tine" which
links the "actual wusage factor” and the "instantaneous usage
factor"™ in Figure 5.

Figure 7 shows the "observed inpact” over the 12 year
sinmulation if the response tinme is lengthened from 1 year to 3
years. This |longer response paraneter assunes that participants
do not react instantly to changes in their electric bill. The 3
year delay assunes that the participants nmonitor their bill over
a three year period before adjusting their habits. Figure 7
shows that this |onger response time causes a very slight
decline in "observed i npact” over tine.
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Figure 5. Structure of the Second Denonstration Mdel.
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8. THI RD DEMONSTRATI ON: ADD THE FREE- DRI VER EFFECT

Figure 8 shows a <change in the original nodel to
incorporate a "free driver effect.” This effect is explained by
Wl liam Saxonis in Chapter 8 of the evaluation handbook noted in
Table I (p. 132):

The opposite of a free rider is a free driver. A free
driver contributes to the goals of the program (e.g.
reduce energy consunption) but is not formally a program
participant. A free driver is affected by the program
either through a conscious awareness of the program or
because of programinduced changes in the nmarketplace.
Free drivers require evaluators that use conparison groups
to consider whether the conparison group is actually
taki ng the conservation actions because of the program

The Fig. 8 "map" introduces a new variable called "savings
required to inpress the control group.” The "participants,'
savings" are conpared to this threshold level to determ ne the
fraction of the control group’ s menmbers which will shift to a
"low discount rate." The "behavioral discount rate" 1is a
wei ghted average of the "regular discount rate" (set at 35
% year) and a "low rate" sai d to characteri ze t he
nonpartici pants who have becone nore inpressed by (or |ess
afraid of) the conservati on neasures.

Figure 9 shows the sinulated inpact on "observed inpact"”
when the conservati on program causes the control group to switch
to a "low discount rate" of 20% quickly after the participants
install the targeted neasures. (The 20% year value was taken
fromthe I ow growth scenario in the Council's 1986 plan.) Figure
9 shows that this shift in control group attitudes causes the
"observed inpact" to be sonewhat less than in the first
denmonstration. Figure 9 also shows that the "observed inpact”
is, constant over tinme since the control group's reaction occurs
quite quickly after 1982.

Figure 10 repeats the "free driver" sinmulation with the
assunption that the control group wll be "driven' to the
unusually low discount rate of 7 % year by the inpressive
savings achieved by the participants. Wth this extrene
assunption, the "observed inpact"” is nuch smaller, but it still
remai ns constant over tine.
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Figure 8. Structure of the Third Denonstration Mdel.
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9. SENSI TIVITY ANALYSI S OF THE FI RST DEMONSTRATI ON

The sinulations wth these three denonstrati on nodels show
only one exanple of a perceptible decline in "observed inpact”
over tinme. That exanple appears in Figure 4 where the both the
control group and the participants face an 11%year rea
increase in the price of electricity. This pattern is studied
further in Figure 11 by invoking the "sensitivity analysis"
capability of the I-Think software

Figure 11A shows the "observed inpact” from a set of five
simulations wth no increase in the electric rate. The
behavi oral discount rate is set at 5% 15% 35% 55% and 75% a
range of values sufficient to cover the many estimtes appearing
in the literature. Al five charts in Figure 11A show that net
savings will remain constant over tinme, regardless of the value
assigned to the behavioral discount rate.

.Figure 11B shows a second set of 5 sinmulations wth
different values assigned to the behavioral discount rate. These
simulations all assume that electric rates increase at 5% year
in real dollars. The five charts show that the only perceptible
signs of declining inpact appear in the 1st and 2nd runs wth
the quite |l ow discount rates.

Figure 11C shows a third set of 5 sinmulations with the
assunption that electric rates increase at the rate of 10%yr in
real dollars. The five charts show perceptible signs of decline
i npact appear in three of the five sinulations.
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Setup #1 5/8/92 4:00 PM

Input Variables

Run behavioral discou............ electric rate incr...
1 0.05 i, 0.00
2 0.15 i, 0.00
3 0.35 i 0.00
4 0.55 i 0.00
5 0.75 i, 0.00

Fi gure 11A. Sinmul ated Behavior of the "Observed |npact" in Five
Sinmulations with the First Denpnstration Mddel. These
simul ati ons assune that the electric rate will renmmin
constant over the study interval.
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Input Variables

Run behavioral discou............ electric rate incr
1 0.05 i, 0.05
2 0.15 i 0.05
3 0.35 i 0.05
4 0.55 i 0.05
5 0.75 i, 0.05

Fi gure 11B. Si nul ated Behavior of the "QObserved |npact" in Five
Simulations with the First Denonstration Mdel. These
sinmulations assume that the electric rate wll
increase at 5% per year (in real terms) over the
study interval.
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5 0.75 oo 0.1

Figure 11C. Sinul ated Behavior of the "Cbserved | npact”

Sinmulations with the First Denpbnstration Mbdel
sinmul ati ons assune that the electric

increase at 10% per year (in real
study interval.
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10. DI SCUSSI ON

This sinmple nodel was designed to communicate ideas about
how conservation savings mght change over time. So far, the
nodel shows only one exanple with a decline in "net savings"
over tinme. This decline arises when the control group is induced
by increasing electric rates to invest in many of the neasures
targeted by the program The other exanples include changes in
base use, a "take back effect" as well as a "free driver
effect." Although these effects can change the anmount of "net
savings," they do NOT cause the "net savings" to decline over
tinme.

This sinple nodel was designed to start a discussion of
what a wuseful nodel would look like in a synthetic data
experiment. The experinent mght include a nodel sonmewhat | arger
than the exanples shown here. It would be run over a tinme period
simlar to a proposed longitudinal study, and its output could
be altered to represent a synthetic form of the data that m ght
energe from such a study. | suggest that that the nodel could
bypass the weather normalizing calculations. But it mght be
useful to sinulate the loss in sanple size over tine due to
attrition.

Such a nodel would help resource planners appreciate the
findings from conservation evaluation studies. It could also
help evaluators address what has been called the single,
| argest, unanswered question in demand-si de nanagenent:

W1l conservati on savings persist overtinme?
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Appendi x A. List of Equations for the First Denonstration Mdel

(page 1 of 2)

non participants sector: the control group

install ed_neasures(t) = installed_neasures(t - dt) +
(installation_rate) * dt

INIT installed neasures = 0

installation_rate = (justifiable_neasures-
instal | ed_neasures)/adjustnent _tinme

actual _use = base_use-savi ngs

adjustnent _tinme = .5

base_use = base_use_1980* EXP(base_use_i ncrease_rate*(TI ME-1980))

base use 1980 = 1. 26

base use increase rate = 0

behavi oral di scount _rate = 0. 35

capital _recovery_ factor = -
PMT( behavi oral _di scount _rate, neasure_life, 1,0)

electric rate =
el ectric_rate_1980*EXP(el ectric_rate_increase_factor*(TlI M-
1980))

electric _rate 1980 = 20

electric _rate _increase factor = 0.05

hours_per_year = 8760

intensity factor = base_use/base_use_1980

justifiable_cost =
(electric_rate*hours_per_year/1000)/ capital _recovery_factor

measure |ife = 30

savings = install ed_measures*intensity_factor

justifiabl e_nmeasures = GRAPH(justifiabl e_cost)

(0.00, 0.00), (1000, 0.05), (2000, 0.3), (3000, 0.45), (4000,
0.63), (5000, 0.7), (6000, 0.75), (7000, 0.8), (8000, 0.8),
(9000, 0.8), (10000, O0.8)



partici pants' sector: "part" for short
part _installed neasures(t) = part_installed_neasures(t - dt)
(part __installation_rate) * dt
INIT part _install ed_neasures = 0
part _installation_rate = (part_indi cated_mneasures-
part _i nstal | ed_neasures)/program adjustnent _tinme
electric bill =
part _actual _use*el ectric_rate*hours_per_year/ 1000
observed_i mpact = actual _use-part_actual _use
part _actual _use = part_base_use-part_savi ngs
part_base_use =
part _base_use_1980* EXP(part _base_use_i ncrease_rate* (Tl ME-
1980))
part _base use_ 1980 = 1. 26
part_base_use_increase_rate = 0

part _i ndi cated_neasures = | F(TI ME<program start_year) THEN
justifiable_nmeasures ELSE programtarget_neasures

part _intensity factor = part_base_use/part_base_use_1980

part_savings = part_install ed_neasures*part_intensity_factor

program adjustnment _tinme = .5

program start_year = 1982

programtarget _neasures = .63
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